Using hedonic pricing models, this paper analyzes the impact of places of worship on the prices of adjacent condominiums in Hamburg, Germany. This is the first study on this subject to have been conducted outside the United States. It is also the first work to examine the externalities of places of worship of all five world religions. Furthermore, it is the first study that analyzes the effect of bell ringing on the adjacent residential property prices. Controlling for spatial dependence and by using potentiality variables positive externalities of places of worship within a radius of 1,000m were identified. Compared to properties beyond this threshold, price premiums of 4.8% were detected for condominiums at distances of 100m to 200m to the next place of worship. The results also show that the positive externalities near mosques do not differ from those of places of worship of other religions and that the positive effect of churches continues to be felt even after they have been deconsecrated.
Introduction
The fact that places of worship (POWs) create externalities is not disputed in the literature or by local residents. However, there is disagreement on whether the externalities are positive or negative. While Do, Wilbur, and Short (1994) have identified a negative effect of churches on adjacent residential property prices, Carroll, Clauretie, and Jensen (1996) find a positive effect of churches on the prices of nearby single-family houses. While complaints from local residents against liturgical ringing or the marking of time by bells keep the courts busy, the discussion on the construction of minarets and the muezzin's call have triggered political debates. Possible further negative externalities of places of worship, such as noise caused by the arrival or departure of visitors or through community and cultural events, as well as architectural disharmony with the surrounding buildings are also being considered (Do, Wilbur, and Short 1994) . Possible positive externalities are visual amenities that originate in Hamburg from the many old churches built in the 19th century and the green belt that surrounds many of these places of worship. Other positive effects could be created by access to services, community events and recreational activities for the young and old (Carroll, Clauretie, and Jensen 1996; Do, Wilbur, and Short 1994), as well as by the reduction in crime rates (Lee and Ousey 2005) .
The fact that residential property markets value externalities of churches has been confirmed on the basis of hedonic pricing only in a few studies on U.S. markets. 1 Do, Wilbur, and Short (1994) observed a negative influence of churches on the prices of neighboring single-family homes within a radius of approx. 850 feet in a community in the metropolitan region of San Diego, California.
Maximum price discounts identified amount to 3.0%. These findings are contradicted by Carroll, Clauretie and Jensen (1996) , who found a positive influence of churches on the prices of single-family homes in the neighborhood in Henderson, Nevada, where the primary effect was felt at a distance of up to 2,910 feet. Properties that are only 100 feet, rather than 2,910 feet, from the nearest church experience price premiums of 3.1%. Bielefeld et al. (2006) observed price increases of 5.1% for residential properties in Marion County, Indiana, if they were located within a radius of one mile of at least four religious nonprofits. In Cleveland, Ohio, Ottensmann (2000) noted for census tracts with, or close to, a building of the Catholic diocese higher mean values of owner-occupied housing by 6.4%. One reason for the divergent results of different studies may lie in the different levels of religiosity of the local population 2 . The findings of Do, Wilbur, and Short (1994), which differ from other studies, could also be explained by methodological shortcomings of their study (for details, see Carroll, Clauretie, and 1 However, over the past decades studies on the effects of externalities have commonly relied on the hedonic pricing technique. The impact on residential property prices has in recent years been analyzed using the hedonic framework, e.g., for air noise (e.g., Cohen Jensen (1996) This study examines three current issues regarding the externalities of places of worship, which, to the authors` knowledge, have not been studied in the literature yet:
1)
Against the background of the current political and social debate on the building of new minarets and the public call of the muezzin, the answer to the question whether mosques affect prices of adjacent residential properties differently than the places of worship of other religions could provide new stimulus for the debate.
2)
In recent years, a number of churches have had to be closed down due to declining congregations. In light of the fact that more communities will have to abandon their church buildings in coming years (Benedict 2007) , the question whether the externalities of buildings used for worship have different effects than deconsecrated church buildings was addressed. The answer to this question might be of useful help in deciding whether to tear down or rededicate a former church building.
3)
Third, the question whether church bells affect the prices of residential properties was examined. The results can form the basis of a solution for some of the disputes being fought in court over bell ringing in residential areas.
Section 2 describes the data on which the study is based. Section 3 provides a description of the hedonic models used. The results are presented in Section 4. A summary and conclusion are provided in Section 5.
Data
Housing price studies widely rely on sales prices for single-and two-family homes. This paper departs from this approach by using prices of condominiums, 8 For descriptive statistics of POW indicators see Table 3 and Table 4 in the appendix.
Empirical Methodology

Choice of functional form
The Can and Megbolugbe (1997) consider properties within a radius of 3 kilometers if the surrounding properties were sold in the previous six months. However, their study area covers a large-area suburban county in the metropolitan region of Miami. Regarding the small-scale housing market in Hamburg, it is reasonable to assume that the offer price of a condominium is affected only by prices of properties that are located in the immediate vicinity. However, AUTOREG was computed using various critical distances (0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 7.5
(1)
Model 1
All models employ hedonic approaches that control for property, neighborhood, accessibility and noise indicators. Furthermore, Model 1 takes into account the proximity to POWs measured by a potentiality variable and can be written as: Table 1 . and 10.0 km) and the best fit of the model was found when considering properties within a radius of 1 km. In contrast to Can and Megbolugbe (1997) , who take into account surrounding properties if they were sold in the previous six months, given the relatively low volatility of the condominium market in Hamburg during the study period, it is reasonable to include properties in the neighborhood that were offered for sale within the previous 12 months. Access to jobs is measured by a gravity variable (Bowes and Ihlanfeldt 2001) that weights the number of jobs located in the 103 districts of Hamburg and the 307 surrounding communities in the metropolitan region of Hamburg each with their reciprocal distance to the city district where a condominium is located. 11 To measure the access to public transport network the distance to the next railway station (DIST_STAT) was included -which is considered in both linear form and with an additional quadratic term (Agostini and Palmucci 2008). Proximity to shopping and recreation facilities has been captured by the distance to (sub-) centers (DIST_CENT) according to the zoning plan of Hamburg (BSU 2003) as well as the distance from the closest green space (DIST_PARK) and from the nearest bodies of water (DIST_WATER). 12 Since schools and kindergartens are often
where Emp represents all jobs subject to social insurance in a city district or in one of the surrounding communities. j stands for all city districts and communities other than i, and d ij is the distance between the centroids of i and j. Since some of the city districts cover relatively large areas, a district-internal distance measure d ii is employed (e.g., Crafts 2005) . In order to avoid overestimation of Emp j and/or Emp i , d ij and/or d ii was not allowed to take on values smaller than 1. The regression coefficient of the gravity variable calculated from the graded weights shows a higher t-value than the coefficient of the variable calculated from non-graded weights.
located near places of worship, the models also capture the distance to such educational establishments. 13 ACCESS is thus a vector to map the previously discussed accessibility indicators.
NOISE_VIS_DIS is a vector that, in addition to noise pollution in the entry and exit POW_POTENTIALITY for different values of z (0.1 to 15) the best fit is found for z = 5 (cf. also Fig. 1 ). 15 The spatial effect of places of worship in Hamburg is thus 13 The best fitting model was retrieved when considering the distance to the closest school both in linear and quadratic form. The influence of the distance to the nearest kindergarten was insignificant for all tested terms, which is why this indicator has been excluded from the final model specifications.
14 In preliminary estimations, not only the floor space but also the height of places of worship was tested. Also, the volume of places of worship was approximated using various terms. However, the height and/or volume of places of worship was insignificant for all tested terms, which is why these indicators were excluded from the final models. One reason for the insignificant findings could be found in the deficient data quality of height information. For many buildings, it was impossible to research the height, which then had to be estimated from photographs of the properties. Another reason for the insignificant coefficients could lie in the variety of building structures of places of worship, which probably can be approximated only insufficiently using uniform terms. 15 POW_POTENTIALITY was tested with z = 0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 15.0.
halved approx. every 140m and is limited to a radius of approx. 1 km. 16 This is also plausible when compared to the findings of Ahlfeldt and Maennig (2010), who, using potentiality variables, have observed a spatial effect of built heritage at distances of up to 600m. Since places of worship are normally taller than heritage-listed properties, they may also have a stronger spatial effect on the prices of surrounding residential properties. where σ is a vector of the coefficients to be estimated. DIST_POW is a vector of five dummy variables that each take on the value of 1 if a property is located at a distance of up to 100m (DIST_POW_100), more than 100m and up to 200m (DIST_POW_100_200), more than 200m and up to 400m (DIST_POW_200_400), more than 400m and up to 600m (DIST_POW_400_600) or more than 600m and up to 1,000m (DIST_POW_600_1000) from the next POW; otherwise the value is 0. 17 Accounting for the findings from Model 1, 1,000m is defined as the maximum cutoff, using properties at distances of more than 1,000m to the next POW as the reference group. The use of dummy variables has the advantage that their coefficients, in contrast to those of spatial weight terms, are easy to interpret and present an intuitive measure of the influence of POWs on residential property prices.
Model 3
In Model 3, we first analyze whether the externalities of mosques are different than those of other places of worship. In answering this question, we hope to obtain new input for the social debate on the construction of minarets and/or the public muezzin's call. Secondly, it is examined whether the externalities of deconsecrated churches differ from those of buildings used as places of worship.
Taking into account the uncertain future of many -primarily Lutheran -churches, answering this question may supply impulses for the debate on the future use of former places of worship.
DIST_POW is additionally interacted with the variables MOSQUE and DECON.
Thus, Model 3 is as follows: 17 All other terms in equation (5) have the meanings previously described for model 1.
where φ and ψ are the coefficients to be estimated. MOSQUE and/or DECON take on the value of 1 if the next POW is a mosque and/or a deconsecrated church; otherwise the value is 0. 18 For example, the interactive variable DIST_POW_100_200 x MOSQUE takes on the value of 1 if the next POW is a mosque that is located within a radius of 100m to 200m from the property; otherwise the value is 0. The coefficient of the interactive variable DIST_POW_100_200 x MOSQUE thus indicates, for example, the price differential of properties within a radius of 100m to 200m around mosques compared to properties that are located at distances between 100m and 200m around POWs of other religions that were not deconsecrated.
Model 4
Finally, in Model 4, the extent to which residential property prices are influenced by the bell ringing of nearby churches is examined. First, a distinction must be made between liturgical bell ringing -e.g., on church holidays, to mark services and official church acts such as baptisms, weddings or funerals -and the secular marking of time of the church clock at quarterly, half-hourly or hourly intervals. In preliminary analyses, various terms were included to test whether it makes a difference that adjacent church spires have bells or not. However, the variables did not yield any significant results, which may primarily be due to the fact that bells are rung with varying frequency and intensity in each community. However, data on the frequency and intensity of liturgical bell ringing in the various communities was not available, because the variety of ringing could be quantified -if at all -only with disproportionate effort for the entire metropolitan area of Hamburg. Besides, the regular marking of time, which is more frequent than liturgical bell ringing and can be heard even at nighttime in many communities, probably creates greater noise pollution anyway. Therefore, for each church in Hamburg it is considered whether the church marks the time and if so, at what 18 Deconsecrated churches are properties that were not used as places of worship anymore during the study period but whose buildings still existed.
frequency and at what time of day this occurs. Model 4 can thus be written as follows:
where ω is a vector of the coefficients to be estimated. CHIME is a vector of the 
Results
About 87.2% of the variance of listing prices can be explained by the hedonic models used (Table 2) . 20 This is an average value when compared to other hedonic housing price studies. Since White's test rejects homoscedasticity for all models, the standard errors were corrected using White's Correction. All control variables have the expected signs and are predominantly highly significant, yielding values that are plausible also in terms of their amounts.
20 If the models are specified without the spatial lag term, the adjusted R² value is reduced by approx. 1.0%. 
Control variables
The coefficients estimated for SIZE and SIZE_SQ show the expected positive, are negative and statistically highly significant.
Impact of POWs
As mentioned above, tests with the potentiality variable POW_POTENTIALITY in Model 1 have shown that the spatial effect of places of worship is limited to around 1,000m. Model 2 now shows that the price premiums for the proximity to places of worship increase between 1,000m and 100m with declining distance, resulting in maximum premiums of 4.8% for locations between 100m and 200m from the nearest place of worship (DIST_POW_100_200). Compared to the property prices at a distance of more than 1,000m from the nearest place of worship, however, only premiums at a distance of 100m to 200m are significant.
This result is plausible insofar as 200m also represents a plausible cutoff for a high visual perception of the buildings. In immediate proximity to places of worship, that is, at a distance of up to 100m (DIST_POW_100), price premiums are lower and not significantly different from residential property prices at a distance of more than 1,000m from the nearest place of worship. The lower premiums in close proximity to places of worship may result from noise pollution, for example, from community or cultural events, visitor traffic or church bell ringing. This topic will be further discussed when presenting the findings of Model 4. In summary, the estimated premiums near places of worship are comparable to previously reported premiums in the vicinity of churches that range from 3.1% (Carroll, Clauretie, and Jensen 1996) to 6.4% (Ottensmann 2000 is, however, that the coefficient of DIST_POW_100 rises by almost a percentage point compared to Model 3 and is now more or less equivalent to the coefficient of DIST_POW_100_200. DIST_POW_100 is now also significant at least at the 11% level. The lower price premiums reported for Models 2 and 3 in immediate proximity to places of worship, therefore, can largely be explained by the noise exposure to church bells even if the influence of the noise itself is not statistically significant.
Conclusions
Applying hedonic pricing techniques this study examines the impact of places of worship on residential property prices in Hamburg, Germany. Controlling for spatial dependence and employing potentiality variables places of worship are found to have positive external effects on neighboring condominium prices within a distance of approx. 1,000m. Compared to properties beyond this threshold, price premiums of 4.8% are obtained for condominiums at distances of 100m to 200m to the next place of worship. As a result of noise exposure, however, price premiums in immediate proximity to places of worship (≤ 100m) are lower and not significantly different from property prices at a distance of more than 1,000m from the nearest place of worship. Condominium prices in Hamburg, either near mosques or in the vicinity of deconsecrated churches, are not significantly different from prices in the neighborhood of places of worship of other religions and/or in the vicinity of actively-used places of worship. Thus, no price discounts for residential properties have been observed in the vicinity of mosques that would account for local residents feeling bothered by Islamic places of worship. The findings also imply that churches should be preserved as buildings, because they continue to have positive externalities on adjacent residential property prices even after they have been deconsecrated. The influence of church bell ringing on the prices of surrounding residential properties, however, could not be substantiated.
It should be noted, however, that the study was conducted in a metropolis known for its liberalism and open-mindedness. The findings may be different for conservative and/or rural regions. This warrants further research. 
